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Introduction 
Invertebrates are a major food component of rats (Taylor and Thomas, 1993; references cited 
in Innes, 2001), mice (Marris, 2000; Miller, 1999 cited in Ruscoe, 2001; Miller and Miller, 
1995), hedgehogs (Moss and Sanders, 2001; Jones et al. 2005), ferrets (references cited in 
Clapperton, 2001), stoats and weasels (references cited in King et al. 2001), cats (references 
cited in Gillies, 2001) and possums (Cowan and Moeed 1987). Predator control on islands 
(Bremner et al. 1984; Palmer and Pons, 1996; Brown, 1997) and exclusion cages (Parmenter 
and MacMahon, 1988) have shown the presence of rodents to be detrimental to invertebrate 
numbers and diversity. Management of areas through a 'Mainland Island' approach 
(Saunders and Norton, 2001) has also shown significant benefits to endemic wildlife 
including invertebrates (Christensen, 1999. 
The Port Hills Rangers (Greenspace Unit, Christchurch City Council) in conjunction with 
Environment Canterbury is establishing mammalian predator control at several reserves on 
the Port Hills of Canterbury. Vegetation, birds and invertebrates are being monitored to 
determine what affect predator control may have on them. This study, combined with the 
2003 survey (Bowie & Sirvid, 2004), will provide baseline invertebrate data for comparisons 
in future years to enable the effects of ecological restoration through pest management to be 
measured. 
Motels (see Methods) were used to non-destructively sample cavity-dwelling species to 
provide a snapshot of forest diversity and health (Bowie et al. 2003; Bowie and Sirvid, 2004). 
Another non-destructive sampling method uses wooden discs as facsimiles for natural fallen 
logs to sample large soil-dwelling insects (Bowie and Frampton 2004; Bowie and Sirvid, 
2004). This work reports on the invertebrate abundance and diversity of ten reserves on the 
Port Hills using these two sampling methods; and discusses possible effects of predator 
control. 
Methods 
Sites 
Motels were used at ten sites in the Port Hills Ecological District (Wilson, 1992) in 
Canterbury, New Zealand (43°37' S, 172°36' E). At each site a range of tree species were 
chosen to attach 20 motels. Table 1 gives the location of the sites and sampling dates for each 
site. 
Motels 
Blocks of untreated pine wood 45 x 45 mm in cross-section and 150 mm long, were cut with 
a 60° 'roof' (see photo). A drill was used to cut a cavity (-30mm wide x 22mm deep x 70 
mm long) and a 14mm diameter entrance hole. A glass microscope slide was used as a 
window and a wooden door slides open for viewing (see photo). A plastic 'roof' cut from 
white plastic was stapled to the top to reduce rain damage to the wood. Plastic-coated twist-
tie wire was used to attach the motels to trees. Twenty motels were attached to trees 
predominantly around the perimeter of each 20 x 20 m vegetation plot. 
Wooden discs 
Based on the specifications of Bowie and Frampton (2003), untreated pine discs (350-450 
mm in diameter and 100-150 mm thick) were cut from a fallen tree by the Port Hills Ranger 
Service (CCC) and eight were placed on bare soil around the perimeter of 20 x 20 m 
vegetation plots at each site. 
Pest control 
Trapping for rats, hedgehogs, mustelids (stoats, ferrets and weasels), cats and possums 
occurred started at Kennedys Bush on 4 March 2004 and at Sugarloaf on 10 October 2004 
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(rats, hedgehogs and cats were a by-catch from target species of mustelids and possums; Phil 
Crutchley, pers. com.). Trapping of these pest species by Ian Dury has also occurred at Cass 
Peak and Ahuriri since April 2002 (Phil Crutchley, pers. com.). A trap line was used along 
the Summit Road from Ahuriri to Coopers Knob and between Cass Peak and Orongomai. 
The Otahuna sites are the only ones that lack pest control. 
Invertebrate identifications 
Occupants were identified in motels or under discs to the best of our ability but in some cases 
specimens were collected and preserved in 70% ethanol for more thorough identification in 
the laboratory. 
Analysis 
Species diversity and abundance were calculated using only ground beetles (Coleoptera: 
Carabidae) under the wooden discs and spiders (Araneae) found in motels as these were the 
two most common and diverse taxa. The 'invertebrate health ranking' of each reserve was 
calculated by using the rankings for both species diversity and abundance. The Shannon-
Wiener (Krebs, 1989) index of diversity for each site was also calculated and incorporates 
species richness and numbers of each species to give a measure of heterogeneity or evenness 
of species in populations at each site. 
Table 1: Port Hills sites with sampling details 
Sites Location Motel attachment Disc and motel 
dates sample dates 
Ahuriri Scenic Reserve E2479700 31 October 2003 10 December 2004 
N5726750 
Cass Peak E2479544 13 November 2003 18 November 2004 
N5729907 
Coopers Knob E2479590 ION ovember 2003 18 November 2004 
N5727256 
Kennedys Bush 1 E2479160 26 November 2003 14 November 2003 
N5730935 
Kennedys Bush 2 E2479647 7 November 2003 18 November 2004 
N5730596 
Orongomai E2479674 13 November 2003 18 November 2004 
N5730004 
Otahuna 1 E2478885 26 November 2003 30 November 2004 
N5728169 
Otahuna 2 E24784 10 26 November 2003 30 November 2004 
N5728883 
Sugarloaf 1 E2481800 7 November 2003 14 November 2004 
N5733515 
Sugarloaf 2 E2481810 7 November 2003 14 November 2004 
N5733565 
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Motel used to monitor arboreal invertebrates 
(mainly spiders) in ten Port Hills reserves 
Wooden discs used to sample ground-dwelling invertebrates e.g. carabids 
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Results 
Occupancy 
Live occupancy in the motels varied from 70 to 100 percent. Otahuna 2 and Sugarloaf 1 
motels contained the least occupants, while 100% occupancy was recorded for the Kennedys 
Bush 2 and Coopers Knob sites. Overall, Neoramia setosa was the most common spider 
found in motels and contributed to 41 percent of all spiders, while Theridion xantholabio was 
the second most common species with 29 percent (Appendix 1). The large spider 
Porrhothele antipodiana was found in four sites. Only one tree weta (Hemideina Jemorata) 
was found in the motels. Cave weta were only found in three sites, Otahuna 2 and the two 
Sugarloaf sites. 
Diversity 
At least 51 species were found in total (Table 2). Eleven carabid species and eleven spider 
species were found from the ten sites on the Port Hills. Cooperss Knob and Ahuriri sites had 
the largest number of species while Orongomai contained the least diverse populations 
(Figure 11). The invertebrate diversity (using the Shannon-Wiener index) of carabids 
(ground beetles) under wooden discs and spiders in motels, showed Cooper's Knob to be the 
most diverse followed by Kennedys Bush 2 and Sugarloaf 2 (Figure 2). Orongomai exhibited 
the poorest invertebrate diversity (Figure 2). Carabid species diversity varied greatly (1 
species in Orongomai to 7 species in Coopers Knob) between sites in 2004, but diversity at all 
sites either increased or remained the same compared with 2003 levels (Figure 3) and did not 
increase significantly (P>0.05). 
Abundance 
The Coopers Knob, Ahuriri, Cass Peak and Kennedys Bush 1 sites had the most carabids and 
spiders under discs and in motels respectively (Figure 4). Coopers Knob, Cass Peak and 
Sugarloaf 2 sites showed the greatest increases over 2003 recorded abundances (Figure 4). 
The Otahuna 2 site was the poorest in terms of invertebrate abundance in both 2003 and 2004 
and Sugarloaf 1 was the only site to have lower numbers of invertebrates in 2004 compared 
with 2003. The increase in numbers from 2003 to 2004 was not significant (p>0.05). Over all 
sites Mecodema oregoides was the most common carabid species and contributed to 34 
percent of total carabid numbers. 
'Invertebrate health ranking' 
The 'invertebrate health ranking' in order of best to poorest was: 
Cooper's Knob> Ahuriri > Kennedy's Bush 2 > Sugarloaf 2 > Cass Peak> Otahuna 1 > 
Kennedy's Bush 1 > Sugarloaf 1 > Otahuna 2 > Orongomai. The order was very similar to 
the Shannon Wiener values (Figure 2). 
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Figure 1: Species diversity of spiders and carabids 
at ten Port Hills reserves in 2004 
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Figure 2: Invertebrate diversity at ten Port Hills reserves 
in 2003 and 2004 
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Figure 3: Carabid species diversity found at ten Port Hills 
reserves in 2003 and 2004 
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Figure 4: Total numbers of spiders and carabids 
at ten Port Hills reserves in 2003 and 2004 
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Discussion 
Spiders 
The total 2004 spider count exceeded the 2003 census by only seven individuals (Bowie and 
Sirvid, 2004). This low level of increase could be due to the high occupation rate (83.5%) of 
the motels in 2003. Given the cohabitation rate with a second spider in a motel is less than 
1 %, almost certainly because spiders are territorial predators, it leaves little potential for 
increase. Regardless of this, the occupation rate did reach 87% for 2004. A better measure is 
likely to be the change in diversity; however the majority of the changes between 2003 and 
2004 reflected an increase in carabid numbers and species (Figure 1 and Figure 4 compared 
with Figure 2 in Bowie and Sirvid, 2004). The composition of spider species did change 
dramatically however. There was a dramatic increase in the number of larger spiders such as 
Neoramia spp., Cambridge a spp. and Porrhothele antipodiana at the expense of smaller 
species such as Theridion xantholabio and Achaearanea veruculata from 2003 to 2004. This 
may be a natural successional change whereby the early pioneering species are being forced 
out by the larger, more dominant species. 
Carabids 
The total number of carabids increased by 52% from 2003 to 2004, but the increase was at 
most sites, with very large increases at Coopers Knob and Cass Peak. Over all sites 
Mecodema oregoides increased the most from nine in 2003 to 28 in 2004. The increase in 
numbers could be due to a number of factors. The discs deteriorate slowly over time due to 
fungus and small wood boring insects but are likely to last at least six years (Bowie and 
Frampton, 2004). During this time the microhabitat under the disc may become more (or less) 
attractive to carabids or their prey, but this is likely to be very similar across the sites. The 
soil humus and/or moisture under the discs could also change over time. The temperatures 
and amount of rain can influence the breeding and mortality in both carabid and pest species 
numbers. A poorer seed fall for 2004 may have occurred which would reduce breeding of 
mice. Finally, the predator control may actually be reducing predation rates on carabids and 
other invertebrates. High numbers of the larger pest species (possums, mustelids and 
hedgehogs) have been trapped at both Kennedys Bush and Sugarloaf (Phil Crutchley, pers. 
com.), but with their removal along with five cats at Kennedys Bush leaves mice and possibly 
rats with few predators to keep their numbers in check. Although hedgehogs and rats have 
voracious appetites for invertebrates, in particular beetles, mice in large numbers may cause 
local extinction of some beetle species (Marris, 2000). One or more of these factors may be 
operating and needless to say, the predator-prey relationships are complex. 
As well as the increase in the carabids, possibly two new species, Oopterus sp. and 
Zabronothus sp. may have been found, but these identifications need to be confirmed. Stag 
beetles (one in Cass Peak and two in Kennedys Bush 2) were also found for the first time 
under the discs on the Port Hills. The stag beetles, because of their size, would be susceptible 
to predation by mammalian pests. 
Weta 
The occupation of motels by tree weta is influenced by the 'supply and demand' of suitable 
alternative refugia (rotten logs, cracks, holes and crevices in mature trees) (Bowie and Sirvid, 
2004). Relocating motels on the bush edges or more open areas would more likely lead to an 
increased occupation by tree weta. Cave weta were only found at Sugarloaf I and 2 as well as 
Otahuna 2, the same sites where they were found in 2003 (Bowie and Sirvid, 2004). These 
sites tend to have a lower 'invertebrate health rating' suggesting the possibility of cave weta 
as indicator species for poorer habitat. For example, motels attached to kanuka trees in stock-
grazed sites at Orton Bradley Park containing little or no understory, had a large number of 
cave weta (Bowie and Sirvid, 2004). The tenebrionid beetle Artystona wakefieldi also seems 
to be found in motels at these degraded sites. 
Predator control 
The variation in predator control duration and intensity (trap numbers and proximity to site 
plots) make it difficult to compare fauna found at sites and to make meaningful analysis of 
results. For example Kennedys Bush trapping started seven months before Sugarloaf 
trapping, the latter commencing approximately one month before 2004 monitoring and would 
have had little if any effect on the invertebrate fauna of this survey. 
Diversity and 'invertebrate health ranking' 
Results indicate that Coopers Knob was the best site in terms of invertebrate diversity and 
total numbers with Ahuriri a close second. A comparison with 2003 results (Bowie and 
Sirvid, 2004) shows that sites are approximately in the same ranking order as in 2004 in this 
survey. Because carabids can take a year or more to develop to sexually reproductive adults 
and the shorter duration of predator control at Sugarloaf (starting in October) another year or 
two of sampling is likely to show a further increase in numbers and possibly diversity. 
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Summary 
• Although higher numbers and diversity of invertebrates were found in 2004 compared 
with 2003, it was not shown to be statistically significant (p>0.05). 
• Increases in numbers and diversity were mainly in the carabids. 
• The species composition of spiders changed from small to larger sized species. 
• The 'invertebrate health ranking' in descending order is: 
Coopers Knob> Ahuriri > Kennedys Bush 2 > Sugarloaf 2 > Cass Peak> Otahuna 1 > 
Kennedys Bush 1 > Sugarloaf 1 > Otahuna 2 > Orongomai. This is similar to last year's 
rankings. 
• The Shannon-Wiener diversity index also showed Coopers Knob and Orongomai to be 
the most and least diverse sites respectively. 
• The addition of mouse control to existing predator control (possums, cats, mustelids, 
rats and hedgehogs), would probably boost invertebrate survival and abundance. 
Recommendations 
• Continued monitoring of invertebrates using existing methodology could be done in 
conjunction with pitfall traps at some sites to corroborate non-destructive methods. 
• Improve the focus of rodent pest control using traps or poison (in bait stations) to 
ensure rodents are targeted. 
• More uniform predator trapping at sites and one or two more sites without predator 
trapping and/or poisoning would allow some of the other factors influencing 
invertebrates to be separated from the real effects of predator control. 
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Table 2: Checklist of arthropod species found at ten reserves on the Port Hills in 2004 
ORDER / Family 
AMPHIPODA 
Taltricidae 
ANNELIDA 
CHILOPODA 
Henicopidae? 
COLLEMBOLA 
DIPLOPODA 
Dalodesmidae 
MOLLUSCA 
Athoracophoridae 
Charopidae 
OPILIONES 
TUBELLARIA 
Geoplanidae 
ARANEAE 
Agelenidae 
Amphinectidae 
Desidae 
Hexathelidae 
Malkaridae 
Stiphidiidae 
Theridiidae . 
Zoropsidae 
Maniho ngaitahu Forster 
COLEOPTERA 
Carabidae 
Cerambycidae 
Coccinellidae 
Curculionidae 
Histeridae 
Tenebrionidae 
Scarabaeidae 
Staphylinidae 
Zophoridae 
DIPTERA 
HYMENOPTERA 
LEPIDOPTERA 
ORTHOPTERA 
Anostostomatidae 
Raphidophoridae 
* Banks Peninsula endemic 
Common name 
Litter hoppers 
Earthworms 
Centipedes 
Springtails 
Millipedes 
Molluscs 
Native slug 
Native snail 
Harvestman 
Flatworms 
Spiders 
Beetles 
Ground beetles 
Weevils 
Grass grub 
Rove beetles 
Flies 
Wasps, ants and termites 
Ants 
Moths and butterflies 
Weta, grasshoppers, etc 
Canterbury tree weta 
Cave weta 
Species 
?Makawe hurleyi (Duncan) 
Icosidesmus sp. 
?Pseudaneitea sp. 
Charopa pseudocoma Suter 
Flammulina crebriflammis (Pfeiffer) 
Flammulina perdata (Hutton) 
Flammulina zebra (Le Guillou) 
?Nuncia sp. 
?'Newzealandia'sp. 
Neoramia janus (Bryant) 
Neoramia setosa (Bryant) 
Maniho ngaitahu Forster and Wilton' 
Nuisiana arboris (Marples) 
Porrhothele antipodiana (Walckenaer) 
Undescribed sp. 
Cambridgea peelensis Blest and Vink 
Cambridgea quadromaculata Blest and Taylor 
Theridion xantholabio Urquhart 
Achaearanea veruculata (Urquhart) 
Uliodon sp. 
Dicrochile atratus (Blanchard) 
Holcaspis angustula (Chaudoir) 
Holcaspis elongella (White) 
Holcaspis intermittans (Chaudoir) 
Holcaspis suteri Broun* 
Mecodema oregoides (Broun)* 
Megadromus antarcticus (Chaudoir) 
Oopterus laevivollis Bates* 
Oopterus sp. 1 
Zabronothus striatulus Broun 
Zabronothus sp. 1 
Coptomma sulcatum (Fabricus) 
Ryzobius sp. 
?Veronicobius sp. 
Unidentified species 1 
Unidentified species 2 
? Parepierus sp. 
Artystona wakefieldi Bates 
Unidentified (larvae) 
Unidentified species 1 
Unidentified species 2 
Pristoderus bakewelli (Pascoe) 
Unidentified species 
Unidentified species 
Unidentified species 
Hemideina Jemorata (Hutton) 
Isoplectron calcaratum Hutton 
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Appendix 1: Species and numbers of spiders and large invertebrates collected in motels from ten Port 
Hills sites in 2004 (2nd year) 
Species 
Spiders 
Neoramiajanus 
Neoramia setosa 
Theridion xantholabio 
Cambrid/?ea peelensis 
Achaearanea veruculata 
Porrhothele antipodiana 
C. quadromaculata 
Nuisiana arboris 
Unidentified spider sp. 
Immature spider 
Totals 
Other invertebrates 
Weta 
Isoplectron calcaratum 
Hemideina femorata 
Native slug 
Beetles 
Artystona wakefieldi 
Coccinelidae 
Coptomma sulcatum 
Curculionidae 
Staphylinidae 
Miscellaneous 
Earwig 
Lepidoptera larvae 
Cockroach 
Flammulina perdata 
Key to reserves: 
AH = Ahuriri 
CP = Cass Peak 
CK = Cooper's Knob 
KB = Kennedy's Bush 
OR = Orongamai 
OT= Otahuna 
SL = Sugarloaf 
AH CP CK KB1 
2 
12 14 9 
3 3 1 11 
2 1 6 
1 4 5 
18 18 20 18 
2 
1 
Port Hills reserve 
KB2 OR OT1 OT2 SL1 SL2 Totals 
1 3 
8 12 8 4 1 3 71 
4 3 6 5 6 8 50 
3 3 
3 2 5 10 
2 11 
4 4 
1 2 2 2 2 19 
1 1 2 
1 1 
20 19 18 14 14 15 174 
2 2 4 
1 
1 
1 7 4 6 
1 
1 
1 
1 
8 
1 
1 1 
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Appendix 2: Species and number of invertebrates collected from wooden discs ten Port Hills sites in 
2004 (2nd ) . year 
Invertebrate species 
Carabidae 
Dicrochile ?atratus 
H olcaspis angustula 
Holcaspis elongella 
Holcaspis intermittans 
Holcaspis suteri 
Mecodema oregoides 
Megadromus antarcticus 
Oopterus laevicollis 
Zabronothus striatulus 
Oopterus sp. 
?Zabronothus sp. 
Totals 
Other beetles 
Curculionidae species 1 
Curculionidae species 2 
Curculionidae species 3 
Histeridae ?Parepierus sp. 
Scarabiidae 
Staphylinidae 
Paralissotes reticulatus 
Pristoderus bakewelli 
Tenebrionidae 
Unidentified Coleopteran 
Miscellaneous 
Native slug 
Charopa pseudocoma 
Flammulina crebriflammis 
Flammulina perdita 
Flammulina zebra 
Chilopoda (centipede) 
Diplopoda (millipede) 
Amphipoda (Taltricidae) 
Native opiliones 
Tubellaria (flatworms) 
Annelida (earthworms) 
Dipteran larva 
Spiders 
Malkaridae undescribed sp. 
Maniho ngaitahu 
Misgolas sp. (Trapdoor) 
Porrhothele antipodiana 
Theridiidae 
Uliodon sp. (Zoropsidae) 
Unidentified spiders 
Key to reserves: 
AH = Ahuriri 
CP = Cass Peak 
CK = Cooper's Knob 
KB = Kennedy's Bush 
AH CP CK KBl 
2 1 
2 6 
1 1 
1 2 1 
7 4 8 
1 1 
3 1 
1 5 4 
1 
1 
13 12 20 9 
3 1 1 1 
3 1 
2 
2 
1 
3 2 8 
3 1 3 
9 
9 1 
9 10 2 7 
2 10 10 
1 9 
1 4 
12 12 8 10 
1 
2 
1 
2 
1 
3 
6 2 
OR = Orongomai 
OT=Otahuna 
SL = Sugarloaf 
1 
3 
2 
Port Hills reserve 
KB2 OR OTl OT2 SLl SL2 Totals 
1 1 
1 4 
1 1 1 11 
2 1 5 
3 1 1 1 10 
2 1 1 1 4 28 
1 3 
1 1 6 
1 1 12 
1 
1 
6 1 6 3 4 8 82 
2 5 1 2 7 8 
2 5 
1 
1 
2 
1 
2 
7 4 1 1 5 
1 
2 15 4 
1 
9 
3 
1 1 
4 1 11 
1 16 5 1 1 1 
4 4 4 6 
32 17 5 3 14 
14 1 5 5 5 
5 1 
18 7 14 4 6 16 
2 1 1 
1 
1 
3 
1 
2 
1 1 1 
2 5 2 5 7 5 
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